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(54) In tumescent rubber composition 



(57) An intumescent rubber or elastomeric composition comprises a rubber or elastomer containing: 

(a) one or more organic poiyhydroxy compounds as carbonific; 

(b) one or more organic polyamido compounds in free and/or combined forms as spumific; 

(c) an ammonium phosphate as activator for the carbonific; and 

(d) an amino resin as binder; 

and, in addition to or instead of components (a) to (d). 

(e) sodium silicate as an intumescent material, 
components (a) to (d) if present being intermixed one with another. 
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SPECIFICATION 



Intumesc nt composition 

5 The present invention relates to an intumescent rubber or elastomeric composition. 

Rubber and elastomeric compositions are used for many purposes and particularly in resilient seals such 

as sealing rings (e.g. O-rings), gaskets and draught and smoke seals. Under fire conditions the seals char, 

lose their resiliency and eventually burn away. Thus the seals lose their sealing ability underfire conditions. 

However, at such times the retention of the sealing ability of the seal is particularly desirable so as to prevent 
10 smoke, combustion gases and fire penetrating through the space originally occupied by the seals. Also 

failure of the seal may in some situations allow inflammable oil, gas or other fluid to escape and be ignited. 

Moreover, conventional rubber or elastomeric compositions produce a large amount of th.ck black smoke 

W TherS!s thuTa need for a rubber or elastomeric composition which at elevated temperature, as under fire 
15 conditions, is capable of acting as a fire and smoke seal and does not produce an excessive amount of black 
smoke 

We have discovered that by incorporating certain ingredients or a certain ingredient customarily used in 
intumescent materials into a rubber or elastomer, there may be obtained a rubber or **s t0 ™™ 
composition which is sufficiently intumescent that it at least retains its ongmal volume on being sub ect to 
20 elevated temperature as underfire conditions. Thus where the composition is used as a resilient seal, when 
fire conditions occur the composition will, although perhaps losing its resiliency, be able to function as a fire 

and smoke seal. . . 

In accordance with the present invention, there is provided an intumescent rubber or elastomenc 
composition comprising a rubber or elastomer containing: 
25 (a) one or more organic polyhydroxy compounds as carbonific; 

(b) one or more organic polyamido compounds in free and/or combined forms as spumif tc; 

(c) an ammonium phosphate as activator for the carbonific; and 

(d) an amino resin as binder; 

and, in addition to or instead of components (a) to (d), 
30 (e) sodum silicate as an intumescent material, 

components (a) to (d) when present being intermixed one with another. 

The minimum amounts of ingredients (a) to <d) and/or (e) in the composition should preferably be such 
that on being subject to fire conditions the composition retains at least its original volume and preferably 

expands beyond its original shape and volume. . 

35 In general the preferred minimum total amount of components (a) to (d) and/or (e) .s 2% by weight based 

°Vhe e maximu^ of ingredients (a) to (d) and/or (e) in the composition should preferably be such that 

the composition has a sufficient resiliency for the purpose for which it is intended. 
In general the preferred maximum total amount of components (a) to (d> and/or (e) .s 50% by we.ght based 

40 on the composition. i _. a _ ... 

Also preferably the composition is formulated such that on being subject to fire conditions the 
composition retains the ability to accommodate relative movement of parts between which it is intended 
that it forms a seal. To this end the composition preferably comprises components (a) to (d) referred to 

above. J 
45 Components (a) to (d) of the composition have the functions described below. 
The carbonific (a) is a source of carbon char when subjected to heat. 

The spumific (b) decomposes under fire conditions and releases gases which cause the carbon char to 
expand thereby to prevent the composition from contracting. 

The activator (c) promotes the decomposition of the carbonific underfire conditions. 
50 The binder (d) assists in retaining the gases released by the spumific in the composition. The binder aiso 
acts to some extent as a carbonific and a spumific. , 

The carbonific (a) preferably comprises one or more compounds selected from mono-, di- and 
tri-pentaerythritols, sugars and starch. 

The spumific (b) is preferably dicyandiamide and/or guanidine. 
55 The activator (c) is preferably monoammonium dihydrogen phosphate (often referred to simply as 
monoammonium phosphate). , , . , WflhwH - 

The amino resin (d) is preferably urea-formaldehyde r sin or more preferably melam.ne-formaldehyd 

' Th composition may further comprise polyvinyl acetate (or a copolymer f vinyl acetate) as an additional 
60 binder. 

Thee mposition may aiso comprise a setting agent such as calcium sulphate. 

Castor oil or other plasticizing agent may be incorporated into the composition to improve the flexibility 
and damp resistance of the composition. ^eeiinw* 
Tho amino resin mav be crosslinked or the composition may conta.n a crossl.nking agent wh.ch crosslinks 
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The polyamido compound serving as spumific may be in tree form or may be in combined form serving to 
crosslink the amino resin or may be partly in free form and partly serving to crosslink the amino resin. 

The rubber or elastomer may contain particles individually comprising carbonific, spumific, activator and 
binder and/or said intumescent material, i.e. each such particle contains only one of those ingredients. 
5 Alternatively the rubber or elastomer may contain particles each containing a plurality of those 5 
ingredients. Such particles may also contain the setting agent referred to above. 

The particles referred to above may effectively form a solid phase distributed in a matrix of the rubber or 
elastomer or in at least one region within the rubber or elastomer. Said region may for example be encased 
or surrounded by the rubber or elastomer. 
10 The rubber or elastomer may be natural rubber or a synthetic rubber such as EPDM orchloroprene 10 
(available under the trade name Neoprene). 

The particles preferably have a size (diameter) of less than 125 microns, more preferably less than 75 
microns. 

The solid phase of the composition is expediently made into fine particles by ball milling of the solid 
15 ingredients either individually or together. To inhibit particles of the material being ball-milled from sticking 15 
together, solid C0 2 and/or a small amount of finely divided activated silica as an anti-cracking agent may be 
added to the material. 
Alternatively the fine particles may be produced by disc or hammer milling. 

In one aspect of the invention, components (a) to (d) and/or (e) are distributed through the rubber or 
20 elastomer. 20 

In another aspect of the invention, components (a) to (d) and/or (e) are present in at least one region 
encased or surrounded by the rubber or elastomer. 

The relative proportions of ingredients (a) to (d) may readily be determined by one skilled in the art of 
intumescent materials. The relative proportions are normally such that the ingredients (a) to (d), together 
25 with any additional binder present in the composition, would in the absence of the rubber or elastomer, be 25 
capable of producing a satisfactory intumescent material. 

Our British patent no. 1601 131 describes relative proportions of ingredients (a) to (d) and other ingredients 
which may be used in the present invention. 

Preferred minimum amounts of components (a), (b), (c) and (d) are respectively 0.41 , 1.04, 2.18 and 1.97% 
30 by weight based on the composition. 30 

Preferred maximum amounts of components (aj, (b), (c), (d) are respectively 1.23, 3.10, 6.54, and 5.91% 
based on the composition. 

When the rubber or elastomeric composition comprises in addition to ingredients (a) to (d), also ingredient 
(e), the amount of ingredient (e) in proportion to ingredients (a) to (d) is preferably as described in our 
35 copending British patent application no. 8421431. 35 

A preferred minimum amount of sodium silicate intermixed with components (a) to (d) is 4.6% by weight 
based on the total ingredients (a) to (d) and a preferred maximum amount of sodium silicate intermixed with 
components (a) to (d) is 1 1.5% by weight based on the total ingredients (a) to (d). 

Furthermore preferably the amount of component (e) (sodium silicate) intermixed with components (a) to 
40 (d) does not exceed 30% by weight based on component (c). 40 

To produce the composition of the invention, the ingredients of the solid phase of the composition may be 
incorporated in particulate form into the rubber or elastomer at a compounding stage when preparing the 
composition. Alternatively the ingredients in particulate form may be incorporated into the rubber or 
elastomer by rolling the ingredients into calendered sheets of the rubber or elastomer. The sheets may 
45 subsequently be moulded under heat or pressure. 45 

Seals such as referred to above may be made from the intumescent composition of the invention. Also 
articles, such as structural bearings, may be covered partially or wholly with the intumescent composition of 
the invention so that the composition forms a resilient coating or layer under normal conditions and a 
coating which protects against fire under fire conditions. 
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The invention is illustrated by the following examples. 



Example 1 

An intumescent material was prepared as described in Example 1 of the complete specification of our 
British patent no. 1601131. 
The intumescent material was made from the following ingredients: 



pentaerythritol (i.e. monopentaerythritol) 


800g 


dicyandiamide 


2000g 


monoammonium dihydrogen phosphate 


4200g 


water-dispersible melamine-formaldehyde 




resin powder 


3800g 


Vinapol 1070 (water-dispersible polyvinyl 




acetate powder) 


150g 


piaster of Paris 


I100g 


wood flour (80 mesh) 


250g 


water 


2400g 



The ingredients were mixed to form a slurry, which was allowed to harden. The hardened material was 
20 roughly broken up and dried at slightly elevated temperature (100 to 1 10°C) until brittle and crumbly. The 20 
material was then reduced to powder by ball milling with anti-caking agent (precipitated silica) present and 
sieved through a 75 micron mesh sieve to remove the wood flour. (An excessive amount of anti-caking agent 
was avoided as this would have reduced the degree of intumescence of the intumescent material). 
About 12V2 parts by weight of the resulting powdered intumescent material was incorporated into 87V2 
25 parts by weight of rubber (Neoprene) during compounding of the rubber. 25 
We found that the resulting rubber composition could be moulded (to British standard 2752) at normal 
vulcanizing temperature (160°C) without the intumescent material intumescing. This is most surprising since 
such intumescent material would normally intumesce at lower temperatures. 
On heating the moulded rubber composition to higher temperatures by means of aBunsen burner flame, 
30 the composition intumesces, expanding somewhat in all directions, to produce a semi-rigid intumescent 30 
material. The amount of black smoke produced was less than if the intumescent material had not been 
present. 

In this example, the wood flour could have been omitted from the original formulation (and the amount of 
water correspondingly slightly reduced) so as to obviate the need for its subsequent removal. 
35 It is envisaged that the ingredients, except water and wood flour, referred to above could have been mixed 35 
together dry in the relative proportions given above, ball milled and then incorporated into the rubber as 
described and that the resulting composition would have similar properties to those described. 



Example 2 

40 Example 1 was repeated but using only 8 parts of the intumescent material to 92 parts by weight of the 40 
Neoprene. 

Results were similar to those described in Example 1. 



Example 3 

45 Example 2 was repeated but with the additon of 5% by weight of powdered water-soluble sodium silicate 45 
(Si0 2 : Na 2 0 molar ratio 1 :2) to the intumescent material before the addition of a total of 8 parts by weight of 
intumescent material and sodium silicate to 92 parts by weight of the Neoprene. 

Results were similar to those described in Example 1, except that intumescence occurred in two stages, 
one stage occurring due to the presence of sodium silicate and the other stage occurring at a higher 

50 temperature due to the dicyandiamide. Such two-stage intumescence may be desirable in certain 50 
circumstances. For example, to accommodate movement between parts occurring subsequent to sealing 
between the parts having been effected or retained by the first stage of intumescence of the composition. 



Example 4 

55 Example 3 was repeated but with the addition of 8% by weight of the sodium silicate to the intumescent 55 
material. 

Results were similar to those described in Example 3. 



Example 5 

60 Ash et of unvulcanised natural rubber (to BS 1154) m asuring 300 mm x 300 mm s x 3 mm was coated 60 
with a 3 mm lay r of intumescent mastic leaving a border of 40 mm uncoated rubber around the perimet r, a 
second similar she t of unvulcanised rubb rwasplac donth top and the composit whole was placed in a 
mould and heated to 50 3 C in order to vulcanise the rubber. 
A strio 30 mm wide of the vulcanised rubber containing the intumescent mastic was cut from the sheet and 
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intumescent action of the central layer. 
The intumescent mastic was made by mixing together the following: 

intumescent powder mix 21 parts by weight 

5 plastic binder 12 parts by weight: 5 
stabilizer ("Ergostab") 16 part by weight- 

finely divided silica ("Neosil") % part by weight 

The intumescent powder mix was made by mixing together the following ingredients in powder form. 

10 10 

monoammonium dihydrogen phosphate 4200g 

water-dispersible melamine formaldehyde resin 3800g 

dicyandiamide 2000g 

pentaerythritol -800g - 

15 polyvinylacetate powder ("Vinapol") 150g 15 

plaster of Paris 1 1 0Og 

The plastic binder was made by mixing together the following ingredients. 

20 vinyl chloride/vinyl acetate copolymer 20 
(powder) 8 parts by weight 

pfasticizer (dioctylphthalate) 42 parts by weight 

25 CLAIMS 25 

I . An intumescent rubber or elastomeric composition comprising a rubber or elastomer containing: 

(a) one or more organic polyhydroxy compounds as carbonific; 

(b) one or more organic polyamido compounds in free and/or combined forms as spumific; 

30 (c) an ammonium phosphate as activator for the carbonific; and 30 

(d) an amino resin as binder; 

and, in addition to or instead of components (a) to {d) r 

(e) sodium silicate as an intumescent material, 

components (a) to (d) if present being intermixed one with another. 
35 2. An intumescent composition according to claim 1 , wherein the carbonific comprises one or more 35 
compounds selected from mono-, di- and tri-pentaerythritols, sugars and starch. 

3. An intumescent composition according to either preceding claim, wherein the spumific is dicyan- 
diamide and/or guanidine. 

4. An intumescent composition according to any preceding claim, wherein the activator is monoammo- 

40 nium dihydrogen phosphate. 40 

5. An intumescent composition according to any preceding claim, wherein the amino resin is 
urea-formaldehyde resin or melamineformaldehyde resin. 

6. An intumescent composition according to any preceding claim, further comprising polyvinyl acetate 
as an additional binder. 

45 7. An intumescent composition according to any preceding claim, wherein the rubber or elastomer has 45 
distributed therethrough particles individually comprising a mixture of two or more of the carbonific, 
spumific, activator, binder and/or said intumescent material. 

8. An intumescent composition according to any of claims 1 to 7, wherein the rubber or elastomer has 
distributed therethrough particles separately comprising the carbonific, spumific, activator and binder and 

50 optionally said intumescent mareriat. 50 

9. An intumescent composition according to either of claims 7 and 8, wherein the particle size is less than 
125 microns. 

10. An intumescent composition according to claim 9, wherein the particle size is less than 75 microns. 

II. An intumescent composition according to any preceding claim, wherein components (a) to (d) and/or 

55 (e) are distributed through the rubber or elastomer. 55 

12. An intumescent composition according to any of claims 1 to 10, wherein components (a) to (d) and/or 
(e) are present in at least one region within the rubber or elastomer. 

1 3. An intumescent composition according t any preceding claim, c m prising a total of 2 to 50% by 
weight, based on the composition, of components (a) t (d) and/or (e). 

60 14. An intumescent composition acc rding to any preceding claim, comprising 0.41 1 1.23% by weight 60 
of said carbonific (a) based on the total weight of the composition. 

1 5. An intumescent composition according to any preceding claim, comprising 1 .04 to 3.1 0% by weight 
of said spumific (b) based on the composition. 

16 An intumescent composition according to any preceding claim, comprising 2.18 to 6 54% by weight 
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17. An intumescent composition according to any preceding claim, comprising 1 .97 to 5.9% by weight of 
binder (d) based on the composition. 

18. An intumescent composition according to any preceding claim, comprising, in addition to 
components (a) to (d), sodium silicate in an amount of 4.6 to 1 1 .5% by weight based on the total of 

S ingredients (a) to (d). 5 

19. An intumescent composition according to any preceding claim, wherein components (a) to (d) are 
present and the amount of component (e) intermixed therewith does not exceed 30% by weight based on 
component (c). 



Printed in the UK for HMSO. D83 18335, 3/S5, 7102. 
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